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@) Pipeline leak location. 

(§) The position of a leak in a gas or liquid pipeline 
is accurately determined by measuring the amplitude 
of rarefactions propagated through the gas or liquid 
at least two monitoring points, one each upstream and 
downstream of the leak. The leak position is calculated 
using the formula 

r—-X . -Y j 

In y Di • 7 l °2 

Y = V 2 [ + S ] 

a Q _= v 

^ where ] \ \ 

^ Y is the distance of the leak from one of the mo- i~ s 1 1 

nitoring points; 

^ S is the distance between two monitoring points. 
^™ one on each side of the leak; 

^ Y is the amplitude ratio of the rarefactions received 

by the two monitoring points, and 
Ol a is the exponential attenuation factor with distance 

for the propagation of the rarefaction in the fluid. 
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Pipeline leak location 

THE PRESENT INVENTION relates to an improved 
method for detecting the position of a leak in a 
pipeline containing a fluid under pressure. 

The use of pipelines, both on land and under the 
sea, to carry liquids and gases has increased 
appreciably in recent years and continues to increase. 
Transport by pipeline is convenient and more economical 
than other means of transportation and once laid, 
pipelines require little maintenance and generally can be 
used for long periods of time, measured in years, before 
major servicing is required. However an ever-present risk 
in the use of pipelines is that the line may rupture and 
allow an escape of gas or liquid. 

There is therefore a need for an apparatus and 
method which will ienable a pipeline operator to have both 
rapid warning of an escape of liquid or gas from the 
pipeline and an accurate indication of the location of 
the leak. United Kingdom Patent Specification No. 
1,438,237 describes how a rapid escape of fluid from a 
pipeline causes decompression waves to travel within the 
pipeline fluid in both directions away from the leak site. 
These decompression waves, or rarefactions, can be 
detected by . monitoring the dynamic pressure of the fluid. 
Furthermore, the Specification describes how the leak 
position can be located by measuring the difference in 
time of arrival of the decompression wave at detectors 
installed on either side of the leak. 

We have now found that the position of a leak in 
a pipeline can be determined by a method which may be 
used either as an alternative to or complementarily to 
earlier known methods. 

According to the present invention a method of 
determining the existence and location of a distantly 
occurring leak of fluid from a pipeline or pressure 
vessel carrying fluid under pressure comprises measuring 
the amplitude of the rarefactions propagated through the 
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fluid by the leak at at least two monitoring points, at 
least one point being upstream of the leak and at least 
one point being downstream of the leak, and calculating 
the position of the leak using the equation 



5 Y = 4 

where Y is the distance of the leak from one of the 
monitoring points; 

S is the distance between two monitoring points, 
one on each side of the leak; 
10 X is the amplitude ratio of the rarefactions 

received by the two monitoring points; and 
a is the exponential attenuation factor with 
distance for the propagation of the rarefaction 
in the fluid . 

In its simplest form, the method of the invention 
is used with only two monitoring points and this will 
usually be sufficient to determine accurately the 
location of the leak. However, if desired, additional 
monitoring points can be employed to provide confirmatory 
20 determinations of the leak position. 

The equation given hereinbefore for determining 
the leak position is derived as follows. Referring to the 
accompanying schematic drawing, (Fig. 1) a section of a 
pressure vessel 1 is shown. At intervals along the 
25 length of the pressure vessel are positioned monitoring 
stations D-^, D 2 , D n . 

Suppose a leak occurs from the pressure vessel 1 
at the point marked L. Let the distance from the leak to 
the two monitoring stations and D 2 be X and Y 
30 respectively and let the distance between B^ and D 2 be S. 

The rarefaction is attenuated exponentially 
with distance. Thus the attenuation between the leak 
and station . is exp"**. Similarly the attenuation 
between the leak and station D 2 is exp , where a is the 
35 exponential attenuation factor. The exponential 

attenuation factor, a, varies for different fluids and 
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different pipeline characteristics but the factor is 
readily determinable for any given fluid and pipeline by 
simulation of a leak in the pipeline, as hereinafter 
described. 

The amplitude ratio, of the two rarefactions 
received at D-^, D 2 is given by 

-ccX 



<r = 



exp 



-ctY 
exp 



or 

10 j-- exp- < X ~ Y > 

Taking logarithms to base e 



(1) 



(2) 



ln^ = -a (X-Y) or = Y-X (3) 

Also, S = X+Y (4) 
is the distance between and D 2 

15 Adding (3) and (4) 

isiL. + S = 2Y 
a 

The only unknown is Y, the distance from the leak to 
station D 2 , which can therefore be calculated. 

The amplitude of the rarefactions may be 
20 measured using any known suitable apparatus but the 

Applicants have found apparatus of the type described in 
UK Patents Nos. 1,374,797 and 1,438,237 to be particularly 
suitable . 

Experiments to test the feasibility of the 
25 method of this invention were carried out in a spur line 
of an ethylene pipeline. The escape of ethylene through 
a leak in the pipeline was simulated by rapidly opening 
a valve in the 6" spur line for a few seconds. 

A transient pressure wave leak detector was 
30 located some 10 miles from the leak. The detector was a 
micro-computer-based system . in which the sensors are 
piezoelectric transducers which monitor the dynamic 
pressure of the ethylene. 

The pressure pulse created by the leak travelled 
35 along the pipeline at the velocity of sound in ethylene 
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and arrived at the detector after about 4 minute. The 
pulse then travelled onto the end of the spur line 
(about a further mile distant) and was reflected back to 
the detector. 

5 It was detected and then travelled back to the 

leak source which was close to the other end of the spur. 
The pulse was again reflected and travelled back to the 
receiver. Thus the detector received a series of the 
signals from the same leak, allowing the attenuation to 

10 be measured. Knowing the attenuation the position of any 
subsequent leak can be determined. 

(In normal practice, of course, the pulse would 
continue along the pipe line and two monitoring stations 
located either side of the leak would be used). 

1= 3 it was found that the pressure pulse peak 

amplitude was linearly proportional to the leak area and, 
over the range measured, to line pressure. The average 
attenuation of the pressure pulse with distance was 
found, in this instance, to be 0.65 - 0.05 dB/mile . 

2Q The effect of opening and closing the valve in 

the spur line to simulate the leak is illustrated in 
Figure 2 which is a plot of the dynamic pressure in the 
line with time. 

The method of the present invention provides a 

25 novel way of determining accurately the position of the 
leak. The method can be used on its own or in 
conjunction with other methods, thereby providing 
confirmatory results. This is a particularly important 
consideration in dealing with leaks in difficultly 

30 accessible locations , for example underground or under- 
sea pipelines, where considerable expense is involved in 
reaching the leak. Accurate information on the leak 
position is essential to avoid unnecessary expense. 
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1. 



Claim 

A method of determining the existence and 



location of a distantly occurring leak of fluid from a 
pipeline or pressure vessel carrying fluid under pressure 
which comprises measuring the amplitude of the rare- 
factions propagated through the fluid by the leak at at 
least two monitoring points, at least one point being 
upstream of the leak and at least one point being down- 
s^ream of the leak, and calculating the position of the 
leak using the equation 



monitoring points; 

S is the distance between two monitoring points, 
one on each side of the leak; 
<^is the amplitude ratio of the rarefactions 
received by the two monitoring points; and 
a is the exponential attenuation factor with 
distance for the propagation of the rarefaction 
in the fluid. 




where 



Y is the distance of the leak from one of the 
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Fig . 1. 
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Fig. 2. 
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2. Ccbi,n<n m noacHemia (npaBuno 70.7), noxncpe.-uaiOame x*ko« > TDep>KflfeHHe: 
C'cw.km aanbi Ha cneAyioiune aoKyMetrru: 

01- Hi.' 002^344 Al 

02- RU 93111 122 A 

03- RU 2155905 C2 

«J)opM>7ia M3o6p©TeHn« oTBMaei icpnTepwo iipOMWiu/ieiiuaa npHMeuwvtocvb 

B Kaiectae HanSoJiee 6/i«3KOro Manor* iuui aamwwtm*.*. od-eKiou no n.n. 1-10 m 17-18 
noMHfiro pemeHHc. M?.aecTHoe Ha Dl . 

W AOKVMCHTa Dl (cm. onwcaHHe: c.5- 1 1) HSsecreH T P y6onpr,BOA, a rawKC Huecieii cnoco6 
KOHTixvix cocToaHHfl xpyocnpoBOAa, b KOTopoM oh cHa5>.ccH BtinywioM onwpanbio A** koht p o.™ 

COCTOaHMfl CTCHKH T P v8onpOBO A a MeKTpOMarHMTHWMH KWyieHMJIMH, HanpHMCp, 0I1TH4CCKMM 

mctoaom c Hcno.ab3o'aaHMeM cnnpa/iK b KasecrBO BO.iHoaoaa. TpaHcnopTHbid TpySonpoBOA 

KOHTPWIMPVIOIUOtl CWCTOMOfS, H P H 3TOM MO^L KOH.pO/lJ. lipOMSBCWHT HOCJie BOn P OC» - CTBCTa 

ruiMU o cov-wihhm ctchkh rpyoonpoBOAa. Kohtpo.ihp.vh-, man cwc-reMa n«p«oa«H«CKK 
uupauinuaei Moawb KOKipaui SOC, nponycca* no hcm> aneicrpoManorrHHe mny^nm, 
M . oimiwww, hto6«, .on P e.a^»Tb, > kbkom uecro noape^H rpyoonpoaoA. 
S^HHi Mecra noape^eHH, xpyoonpoacAa _ oeymecrnnnar no m3mch©hhjo onrnsecKHx 

^'^"h* 3a«aneHHoa T P y6bi no KwaBHCWMOMy n.l wuuvwm* b tom, hto BHHXoaott tuar 
wuvpajiH uwGpan -us 6o/naue flniuiw KpHTHsecjcofi Tpewimw xpy&u. Jto nojBonacr 
cikmhucmchhO onpe/waavb ■* Ypy6o«po»OAe oiwcuwe npownbHU* tpeumHw h Apyrwe Ae<peiabi. 

TjikoH sw6op BHHVOBoro uiaracnwpaJiH nseecxeH m D2 (cm. n.2 tpopwyjiw). 

Tax mm o&paso.M, ooT>e»cT no n.l cooraercrByer k P htcpmk) hobhshw h hc cooTaa-rcxayer 
Ha6f>peTaTOJibCKOMy ypoBHK). 

B aoKYMCH-re D2 xaioKe ymuHO na HaAHHiie HscKOflbKnx cnapa^efi ua T P y6« f OAHaKO, H er 
Si;^ TanMM oSpaaoM, saBiicHnufl n.2 cooTBercTByeT k P ht©phk> hobhshu h ne 

COOTBCTCTBVCT H3Ci5p«aTC/lbCKOMy yppBHK>. 
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A<»i«oj>HiiT<ytb.Hbifi pasacri 



D2 www wiBeCTiibi cnwpa/ibHbie nosepxHocTH b cxemce xpy6on P OBOAa, KOTOpwe 

(l)OPMHpyiOT HaiCaTKOtt 8 HW KBH&BKH H unaWJUOT MX CXCKJ.OM. TIpMSHaKW CteKAOBMAHM MMSCa 
JHZrv* ..an P H M ep, creKnox Tbkmm oSpasoM, npH3HaKH n.3 msbocthm H3 D2, a n " 4 " 

,nD TttK»M o6paaoM, ^bhcmmmc u.3 m n.4 cooxbstcxbviox Kpuxepmo hobhshw m hc 

C ^^^^= H, Dl COCO** 0 TOM. HXO <<BMHTOBOfl 

SpS ct*Bpe*eHHO bnpenJm . rpyoonpOHOMe ouacHU* ..pwuiu. rpeumH* h ^pyrne 

YKWaHHWe OT.T HHllTCJlfaHWC npWHftKH HSMCTHBl » *wy*«l» D2, W OH» "P<»«""™ 

^ cBoHcTBa OSwkt no n.S cooxBexcrByex upmpH* hqmohh h. m eooxaexcTByex 

"X^H™^ 6-10 ». H3B6CrHW M 0_,M oGpBBOM W H3 

'^•^^PH.OM, 3BBKCMMM0 Yui. 6-10 COOTBOTCTByiCT K P MTe P HK> HOBHSHW H He 

cooTBeTCTBVK>T H3o6pexaxeabCKOMy ypoBHto. niMinu _ 

7,n mJLSm r c 5 Kon 1 cxpoxa 50 - ko.i.2. cnpoxa 50) cncco6 peMOHxa m^hmcckhx 

LcLrno Irin*.™ \py6o,,poBO*a, pacsexe ypo»u» cimxhuui P* ow * ro J^^J 
•nw6onpoBOAe e momch? npo-WHHa pcmohthwx pa6ox, oMHCxxe noBepxHocm. xpybonpoBO/xa, 
aiiTHKoppwMoi'noR o6'pa6oTKt> h ycxpaiienHH iit5(j)eicroB b ctckk© ^J^^^'^^^f^* com hxo b 
Ort M'imi ia>iBJicHHoro'' cnocofia no n.H s^b/ichhoh ^opwyiiw cocroar a tom, b 
■rnJl ZZ* SU»vk^ no K P a«H«« Nop* oahv emowm buhtoboA mar koto P oh BbiSnpawT He 

TpyConpo^ •oe«»uu«««or ^^kthvk) creHKy xennoM KO.ne6aHHH, 

^"hJ^^H Cn^H^HHO^n H.CCKO* i.-H- HM6PBHO HC M iUtMHbl 
KpMTM'ieCKOli TpeiUHHbl. • 



(|>OpM» PCT/IPEA/409 (aorioflHMTCJiLHwfl pa3Ae,i) (wOjib 
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ilunubie OTJiHHHTe.ibUue-npM3uaxu o6ecneMMBaK>T «npoMbiuj/ieHHyto KOHTpOJienpwroimoCTb 
-Tpy6onpoBOiia», *<cBoe&pe.\ieHHoe onpoacaeHMC* & rpyticmpoaoue onacHMx npo/uuibubix rpeiiuiH h 
Apyrwx Ae<l>eKToe» w «yMSHbuieHwe rpyAOCMKOCTM pcmohtb iionpe>KAeuwH ctchkh 
ipyoQTipoftOAa»- 

Or.nMSHTe^bHbje npw3H&KM HesaBwcHMoro n.!7 -•fyopMynti • v&Q$perreHHh 9 mx HaSHaseHue a 

!ipOMIUI»CMMC MM v\ COOwCT^a W3BeCTHbi U3 jlOKyMCHT<l D2. OTjI H x \ HT© Jl b H b! npH3HBKM SaBHCWMOrO 

n.JH iuKyice woecTHU- hu aoicyMSHTa D2» TaKWM* o6pa30M, n.n. 17, 18 eoorucrcroyiOT KpHTepwjo 

• HOBM'iHW M He CO OT B CTCTBV K>T H306pC rfflttJUbCKUMy ypOAIIIO. 

. c 17»KHM oopawM, xapaicrepM3yiouxaa . 3a*Bj:eHHyto rpynny H3o6percHnM coHOKyrmocTb 
''npH3H&icoB, H3Jio^<eHHa^ b n.n. I- 18 (J)OpMy/iw MSoCpereuuH oibchuot KpnTepitio HOBM3Kbi h He 
coui uejcj Hyer VnjoOpevarejihCKOMy ypoAuno, nocicv^bicy saaB/iei-maa rpynna H'JOOpereHmt KBHbiM 
o6pa30M cneayeT Mi ypoBP.a rexHHKH. 
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OPINION OF THE EXAMINATION OF EXPERTS International application No. 

RST/RU 2003/000375 

V. Approval in compliance with article 35(2) with respect to novelty, inventor's level and industrial 
applicability; references and explanations supporting such an approval 



1. Approval 

Novelty (N) Items 1-18 YES 

Items NO 

Inventor's level (IS) Items YES 

Items 1-18 NO 

Industrial 

applicability (IA) Items 1-1 8 YES 

Items NO 



2. References and explanations (rule 70.7) supporting this approval: 
References are given for the following documents: 
Dl-RP 0025344 Al 
D2-RU98111122A 
D3 -RU 2155905 C2 

The claim of the invention complies with criterion industrial applicability 

Solution known from Dl is taken as an analog which is the closest for the claimed objects 
according to pars. 1-10 and 17-18. 

From document Dl (see description p. 5-11) a pipeline is known, and also a method of 
pipeline state control is known, in which it is fitted with a convex spiral to check up the state of 
pipeline wall with the aid of electromagnetic radiation, for example, by optic methods with the 
use of a spiral as a waveguide. Transportation pipeline is presented in combination with a control 
module - fiber-optical spiral (FOS) and a control system, in this case the control module, after a 
question-response, makes a conclusion of the state of a pipeline wall. The control system 
questions the control module (FOS) periodically by issuing electromagnetic radiation oyer it, e.g. 
optical ones, in order to determine in what point the pipelines is damaged Determination of the 
point of pipeline damage is achieved by a change of optical vibrations. 

The differences of the claimed pipe by the independent par. 1 lies in that the helical lead is 
selected to be not more than the length of a pipe critical crack. This makes it possible to 
opportunely determine hazardous longitudinal cracks and other defects in the pipe. 

Such a choice of helical lead is known from D2 (see par. 2 of the Claims). 

Thus, the object according to par. 1 complies with the criterion of novelty and does not 



• # 

comply with the inventor's level. 

Document D2 also indicates several spirals on a pipe, however, there no indication to their 
various directions. We may suppose that spiral directions coincide. Thus the dependent par. 2 
complies with the criterion of novelty and does not comply with the inventor's level. 



OPINION OF THE EXAMINATION OF EXPERTS International application No. 

... RST/RU 2003/000375 

Additional section 

rit is used in the case of space shortage in any previous section m . . — 

From D2 spiral surfaces in the pipeline wall are also known that are formed by knurling in 
the form of a groove and filled with glass. Features vitreous mass in the description of the 
claimed invention according to par. 1 (see description on p. 8) are disclosed as "solid substance, 
e.g. glass". Thus the features of par. 3 are known from D2 arid features D4 - from Dl. 

Thus the dependent par. 3 and par. 4 comply with novelty criterion and do not comply with 
the criterion of inventor's level. 

The difference of the feature according to par. 5 from the one known method Dl lies in that 
the "helical lead of the conductive spiral is selected to be not more than the length of pipe critical 
length". This makes it possible to opportunely determine dangerous longitudinal cracks and other 
defects in the pipeline. 

The said distinctive features are known from document D2, where they manifest the same 
properties. The object according to par. 5 complies with the novelty criterion and does not 
comply with the inventor's level. 

The features of dependent paragraphs 6 to 10 are also known, and they proceed in an obvious 
manner from document D2. 

Thus dependent paragraphs 6 to 10 comply with the novelty criterion and do not comply with 
the inventor's criterion. 

In the independent par. 1 1 the aggregate of features characterizes the method of pipeline 
repair. . 

A closest analog to the claimed method is a repair method for repairing metal pipelines 
known from D3 (see description: p. 4 column 1, line 50) lying in determining with the aid of 
physical methods and instruments (stress-scanners, laser, X-ray and other ones) stresses on a 
section under repair in the pipeline defective area, in calculating the working pressure value in 
the pipeline at the moment of repair work implementation, in cleaning of pipeline surface, 
corrosion-resistant treatment and eliminating the defects in the pipeline wall. 

The differences of the claimed method according to par. 1 1 of the claim lies in that at least 
one spiral is formed in the pipeline, whose helical lead is selected to be not more than the length 
of pipe critical crack, this spiral is examined for determining a defect in the pipeline wall, the 
defective wall is recovered by the heat of vibrations put into the crack opening by the conductive 
spiral. 

The said distinctive features ensure the "industrial controllability of a pipeline", "opportune 
determination hazardous longitudinal cracks and other defects" and "decrease of labor 
consumption in repairing a damaged pipeline wall". 

The above-listed distinctive features of independent par. 1 1 are known from document D2, 
where they manifest the same aforesaid properties. 

The features of dependent paragraphs 12-16 of the claims are known, and they apparently 
manifest the same aforesaid properties. 

The features of dependent pars. 12-16 of the claim are known, and they obviously proceed 
from documents D2, Dl as well as the properties manifested by them are known. 

Thus objects according to pars. 11 to "16 comply with novelty criterion and do not comply 
with the inventor's level. 




The difference of the claimed methods according to par. 17 from a method known from Dl 
lies in that the device contains series-connected power unit, dc-to-ac voltage converter, radiator 
and optoelectronic couple which is connected with a sensor in the form of fiber-optic line and 
with the first monitor inlet, whose second inlet is connected to the outlet of permanent dc-to-ac 
voltage converter, the distance between the turns of the fiber-optic line spiral is selected not to 
exceed the critical crack length. . 

OPINION OF THE EXAMINATION OF EXPERTS International application No. 
RST/RU 2003/000375 

Additional section 

(It is used in the case of space shortage in any previous section 

These distinctive features ensure 'industrial controllability of the pipeline", "opportune detection of 

hazardous longitudinal cracks and other defects in the pipeline" and "decrease of labor intensity of the 

repair of pipeline wall injuries". 

Distinctive features of independent par. 17 of the claims, their purpose and properties manifested by 

them are known from document D2. Distinctive features of dependent par. 18 are also known from 

document D2. Thus pars. 17, 18 comply with the novelty criterion and do not comply with the inventor's 

level. 

Thus the totality of features characterized the claimed group of inventions and set forth in pars. 1 to 18 
of the claims complies with the novelty criterion and does not comply with the inventor's level, since the 
claimed group of inventions apparently proceeds from the level of engineering. 
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ABJUlETCfl BAWHbIM YBEflOMJlEHMEM 
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JYJ TOJlbKOflJlfl HHOOPMAUHM 
2. TEKCT COOBlUEHmi: 

B otbct na KoppccnoHAenuMio, nocTynwBuiyio b <DeAepajibHbiB MHCTMTyr npoMbiuineHHofl 
co6cTBe h hocth 12 ceHTx6pa 2003 (12.09.2003), cooGmaio cjieayiomee. 

Cdok nepexoAa Ha HauHOHanbHyw <J>a3y b yicasaHHue rocyaapcrBa b cootbctctbhh co craTbefi 11 
(1) AoroBOpa o nareHTHOH KoonepauHH (PCT) c 01 anpca 2002 (01.04.2002) cocraannCT 30 MecaueB 
\ A aTbi npHopHTera MeacAyHapoAHofi 33hbkh, h am BbiuieyKaaaHHoB aaaBKH PCT/RU 03/003 75 
aaKaHHHBaerca 21 cpeapa™ 2005 (21.02.2005). _ 

OAHaKO, H3 HaCTOHlUHH MOM6HT. JV\* HCCKOJIbKHX rOCyAapCTB, a HMCHHO . BK, CH, hL, LU, 1NU, 

SE SG TZ UG CS h ZM eme AeHCTByer cpoK nepexoAa Ha HauwoHanbHyio (pa3y b 20 MecaueB c 
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1 . ANSWER IS REQUIRED WITHIN THE MONTH PERIOD SINCE THE DATE OF DEPARTURE 

ANSWER IS NOT REQUIRED, yet see below 
IS AN IMPORTANT NOTICE 
FOR INFORMATION ONLY 

2. TEXT OF THE MESSAGE 

In response to the correspondence that has come to the Federal Institute of industrial property on September 
12, 2003 (12.09.2003), I herein inform of the following. 

The period of transfer to the national phase in the said states in compliance with article 22 (1) of the Patent 
cooperation treaty (PCT) from April 1, 2002 (01.04.2002), is 30 months from the date of international application 
priority, and for the aforesaid application PCT/RU03/00375 it expires on February 21, 2005 (21 .02.2005). 

However, at the present moment for several states, namely, BR, CH, FL. LU, NO, SE, SG, TZ, UG, CS and 
ZM a period of transfer to the national phase which is 20 months from the date of international application priority, 
is still valid. For these states the period of transfer to the national phase for the said application PCT/RU03/00375 
expires on April 21, 2004 (21.04.2004). In addition, if the applicant, in accordance with article 31 of PCT presents a 
Demand for carrying out an international preliminary examination before the expiry of 19 months from the date of 
international application priority (for application PCT/RU03/00375 - before March 21, 2004 (21.03.2004), the 
period of transfer to the national phase to these states as well is extended to 30 months from the international 
application priority date. 
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